Abstract: In this current research, the mechanical, physical and tribological properties of kenaf fibre particle reinforced epoxy (KPafRE) composite was investigated. Randomly distributed kenaf fibre particles were used as reinforcement, with fibre particle loading up to 20%wt. Five mechanical tests were conducted: tensile, compression, flexural, hardness and impact tests, also an additional water absorption test. For tribology investigation, dry sliding test was conducted on a Pin on Disk (POD) machine under 5-20 N applied load at 2.8 m/s, for 6.72 km sliding distance. The results from these tests were compared with Neat Epoxy (NE). It was found that KPafRE composite showed improved mechanical properties compared to NE. The results also suggest that 15%wt. KPafRE composite is the optimum fibre particle loading condition. Applications for this composite would include for construction industry for parts such as sliding door and window panels, also hinges (replacing expensive aluminum ones currently in use). In the automotive industry, the composite could replace plastic parts currently being used in door linkages, dashboard or door aesthetic piece, also bearing or bushes.
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ABOUT THE AUTHOR Alvin Devadas The author's primary research is in the field of natural fibre polymeric composites. Various works have been performed to study the mechanical and tribological properties of natural fibres including kenaf, betelnut and bamboo, leading to several publications. In the present research, the properties of kenaf particles are investigated to gauge its suitability in sliding wear applications such as automotive bushings, or window panels. These particles are also waste products, often discarded or burned after fibre processing. As such, its usage minimizes wastage and reduce pollution. Very few works have been published studying the properties of kenaf fibre, even fewer of kenaf particles. This opens the door to a whole new fibre market, contributing to reducing dependency to petroleum based materials.
PUBLIC INTEREST STATEMENT
From powering our homes and vehicles to bathing soap and cell phones, human dependency on crude oil and petroleum based products has never been higher. However, the environmental impacts associated with crude oil extraction, transporting and processing is of grave concern. Accidental oil spills, oil discharge into the ocean causes degrading marine and human life, and causes ecological and environmental damage to the surrounding areas. On top of that, one day the world's oil wells will be depleted. As a consequence, for decades researches have been sourcing alternatives for fuel and materials. Natural fibres have been used as fillers to reduce plastic dependency and save weight for some time. For example, in the automobile industry, large car makers are using natural fibres to make interior parts. Therefore, understanding the behavior of natural fibres such as kenaf is crucial to determine its potential applications in the near future.
Introduction
Composite materials have been in use for centuries. Early types of composite materials include plywood and straw reinforced mudbricks used for construction (Pihtili, 2009 ). In the early nineteenth century, discovery of polymers has spearheaded the development of composite materials based on synthetic fibres (Chawla, 2012) . Today, composite materials are used in bridges, structures, gears, boats and even in airplane bodies. However, widespread concerns with the biodegradability and environmental impacts associated with the usage of synthetic fibres have led researches to develop composites based on natural fibres. Compared with synthetic fibres, natural fibres offer advantages such as high specific strength, low density, less abrasive to processing equipment and environmentally friendliness (Faruk, Bledzki, Fink, & Sain, 2012; Saheb & Jog, 1999; Yousif & El-Tayeb, 2013) . Also as these fibres grow in abundance, they are cheap and relatively easy to obtain (Raju, Ratnam, Ibrahim, Rahman, & Yunus, 2008) .
Natural fibres consist primarily of cellulose and lignin, followed by hemicelluloses and pectin (Khalil, Ismail, Rozman, & Ahmad, 2001; Mahjoub, Mohamad Yatim, & Mohd, 2014) . These four constituents contribute to the overall property of the natural fibre, and the proportions can vary, depending on the fibre type. For example, cellulose is a semi-crystalline polysaccharide component, and has molecules which consist of many polar hydroxyl groups. This gives the fibre its hydrophilic characteristics, as well as influencing its mechanical properties (Fuqua, Huo, & Ulven, 2012) (Kelly, 1994) . Hemicellulose controls moisture absorption and biodegradation (Thakur & Thakur, 2014; Venkateshwaran, Perumal, & Arunsundaranayagam, 2013) . Lignin is a cross linked biopolymer which give the fibre rigidity, and is responsible for thermal stability (Venkateshwaran et al., 2013) .
Although there are many benefits of using natural fibres, its hydrophilic nature causes it to absorb high amounts of moisture from the environment. When used to form a composite, this leads to poor interfacial adhesion strength between the fibre and polymer matrix (Nam, Ogihara, Tung, & Kobayashi, 2011) , the most important parameters which determine the properties of the composite (Eichhorn et al., 2001; Huber et al., 2012) . Fibre treatment with 5-6% sodium hydroxide (NaOH) for a limited period of time has been widely reported to improve interfacial adhesion strength between fibres and polymer matrix. It increases surface roughness, decreases the number of cellulose exposed on the fiber surface, removes lignin, hemicellulose, wax and oils covering the surface of the fiber (Li, Tabil, & Panigrahi, 2007) . The chemical process of fibre treatment using NaOH can be summarized as below:
Mahjoub and associates have investigated the effects of using various percentage and immersion time in alkaline treatment on tensile strength of kenaf fibre (Mahjoub et al., 2014) . It was reported that 5% alkaline fibre treatment for three hours showed the highest tensile strength. The SEM images showed that using 10% and 15% alkaline treatment, the fibres showed damaged texture, and made it brittle and twisted, reducing the tensile properties. A similar trend was observed for the tensile modulus. In another work, Hameem and associates have investigated the effect of water absorption on tensile and flexural properties of both treated and untreated napier grass fibre reinforced polyester composite (Haameem et al., 2016) . They reported that all tested specimens showed degradation in properties once immersed in water. However, untreated napier grass fibre composites showed higher water absorption, which resulted in reduced tensile and flexural strength compared to treated napier grass fibre composites.
Another important parameter which influences composite properties are the fibre loading, or weight percentage. Mechanical properties such as tensile, flexural and impact strength are greatly affected by adding more fibre. However, the addition of fibre beyond its optimum loading condition leads to insufficient wetting of the fibres, which leads to poor stress transfer from the polymer matrix to fiber (Kaewtatip & Thongmee, 2012; Ku, Wang, Pattarachaiyakoop, & Trada, 2011; Singha & Thakur, 2010) . Prasad and associates have investigated the mechanical properties of jowar, sisal and bamboo reinforced polyester composite at different fibre volume fractions, up to 40% . It was reported that all three types of composite showed similar trend, whereby tensile and flexural properties of the composites showed a maximum at 40%vol. In another study, Anbukarasi and associates have studied the effect of treated and untreated fibre volume fractions on mechanical and water absorption behavior of luffa reinforced epoxy composites (Anbukarasi & Kalaiselvam, 2015) . It was reported that in general, treated fibres performed much better than untreated ones. Also, for tensile, compressive and impact test, the optimum fibre volume was found to be 40%. This indicates that 30%vol. fibres were too little, while at 50%vol. there were too much fibres to provide sufficient blend of fibres and matrix. In the water absorption test, it was found that specimens with higher fibre %vol. resulted in more water being absorbed. However, treated fibre composites absorbed less water than untreated ones, which shows the benefits of surface treatment in changing the fibre surface and improving interfacial strength between fibre and matrix.
Kenaf is a plant in the Malvaceae family. It is a variety of hibiscus, and has a pithy stem surrounded by fibres (Chia, Zakaria, Nguyen, & Abdullah, 2008) . The bark constitutes 25-30% of the whole plant and is made up of relatively long fibre while the core contains relatively short fibre. These plants can grow up to 5 to 6 m tall, and has a maturity period of three to four months. They are found primarily in Africa, China, India and Bangladesh (Wong, Mat Daham, Abdul Aziz, & Abdullah, 2008) . The fibres can be used for animal feed and bedding, pulp for paper industry, composite boards, food packaging, automotive components, and construction materials (Annual Report, 2012) .
In Malaysia, Kenaf is an industrial crop. It is grown primarily in the states of Kelantan, Terengganu, and Pahang. Safe to stay that there is an abundance in supply, and as a result, the Malaysian government and National Kenaf and Tobacco Board has for years strived to grow and research this crop as a national commodity (Wong et al., 2008) (Hadi, Abdu, Junejo, Abdul Hamid, & Ahmed, 2014) . Several works have been published on the mechanical properties of kenaf fibre reinforced composites (Fairuz, Sapuan, Zainudin, & Jaafar, 2016; Krishna & Kanny, 2016; Saba, Paridah, & Abdan, 2016; Saba, Paridah, Abdan, & Ibrahim, 2016a , 2016b Yusoff, Takagi, & Nakagaito, 2016) . However, to the authors' best knowledge, no work has been published on the mechanical properties of treated kenaf fibre particles in epoxy composite, using various weight fractions and hand layup method.
Methodology

Fibre particle preparation
Kenaf fibres were obtained from the Board of Kenaf and Tobacco (LKTN), Malaysia. The received fibres were a combination of long fibres, short fibres as well as particles, as shown in Figure 1 . These particles were separated from the fibres by using a steel mesh, with an opening size of 0.05 mm.
0.05mm
These extracted particles were then rinsed and soaked for 48 h, at room temperature (28ºC). After that, the particles were treated by soaking in 6% NaOH solution for half-hour at room temperature. The particles were then rinsed in distilled water and left for dry. Finally, post-curing is done in an oven for 5 h, at 45ºC.
Composite fabrication
Prior to composite fabrication, the particles were weighted. The weight fractions were calculated using the Eqn. 1:
where;
% W f is the weight fraction of kenaf particle fillers in the composite.
W k is the weight of kenaf fillers.
W r is the weight of the resin.
A two-part epoxy resin was used as polymer matrix. Auto-Fix 1710A and its hardener Auto-Fix 1345B epoxy resin was purchased from Bonding Technology Resources Sdn. Bhd., Malaysia had been used to develop the kenaf fibre particle reinforced epoxy (KPafRE) composites. The epoxy was in liquid form with density 1100kg/m 3 and viscosity 15,000 mPa.s (properties at 25°C) and it is generally used in various applications such as automotive, yacht and other composite component fabrication. First, Auto-Fix 1710A epoxy resin was mixed with 5 %wt. of kenaf fibre particles by means of an electrical stirrer before hardener was added with ratio of 1:1 to the resin. A closed mould with a dimension of 200 mm × 100 mm × 20 mm was used in the preparation of the composite by means of hand layup method. The inner surfaces of the mould were sprayed with a thin layer of silicone as a release agent. When the mould was completely filled with the mixture, it was covered with a steel plate and a pressure of 5 kPa was applied as to force out the trapped air. Keeping the pressure intact, the composite block was cured for 24 h at room temperature (28 ± 2°C). The hardened composite was removed from the mould and post cured in an oven at 80°C for one hour for complete curing. Similar method was used to fabricate other composites with 10, 15 and 20%wt. of kenaf fibre particles. For comparison purpose, the results will be compared with Neat Epoxy (NE). Table 1 shows the length and density properties for kenaf particle, resin, as well as the fabricated composite used for testing. Tensile strength, tensile strain and modulus of elasticity were obtained by using the following formulas:
Flexural test
The flexural test was conducted on a Universal Material Tester (Brand: Gunt Hamburg, Model: WP300), in accordance to ASTM D790-02. A 3-point bending set up was done with supports along the specimen span. Once started, the mid-point was bent until specimen failure. Five specimens were tested for each composite type, and the average value was calculated.
Flexural strength and flexural modulus were calculated using the following formula:
Flexural Strength,
where; 
Impact test
The impact test was performed on a Charpy Impact Machine, in accordance to ASTM D6110-04. For this test, a 7.5 J (J) pendulum was used. The specimen was held in place and positioned such that the v-notch is facing away from the pendulum. The pendulum was then set at 150°h eight before being released. Five specimens were tested, and the average values were calculated.
Compression test
The compression test was performed on a Universal Material Tester (Brand: Gunt Hamburg, Model: WP300), with reference to ASTM D695-02a. First, the specimen was set up on the UMT. Load is then applied at an increment of 0.2 mm, until failure occurs. Five specimens were tested for each composite type, and the average values were calculated.
Compressive strength was calculated using the following formula:
Hardness test
For hardness test, a 'Shore D' durometer (Brand/Model: TH210, ± 0.2 Shore D) was used. The device auto-calibrates during start, has a range of up to 100 Shore D and can display readings up to 1 decimal place. First, the specimen was placed on a flat surface. The durometer was then switched on and reset to zero. The meter was held upright perpendicular to the specimen. After that, the durometer was pressed onto the specimen till the sharp pointer on the bottom of the machine pierced into the specimen surface, and the "pressure foot" of the durometer is sitting flat on the specimen. The reading on the meter was then recorded. Five specimens were tested for each composite type, and the average values were calculated.
Water absorption test
The water absorption test was conducted according to ASTM D570-98. Firstly, the test specimen is weighed to obtain the dry weight. The specimen was then immersed in a contained which is filled with water and enclosed. The container was left overnight for 16 h. The test specimen was removed from the container, wiped and weighed to obtain its wet weight. Three specimens were prepared for each composite type, and the average values were calculated.
The weight increase percentage was calculated based on the following formula:
Water Absorption; % ¼ ðΔW=Dry WeightÞ Â 100% (9)
Tribology testing
Wear and frictional performance of the KPafRE composite with different particle weight fractions was conducted on a POD tribo-wear test rig at room temperature (28 ± 2°C). A schematic view on the machine setup is shown in Figure 2 , which is built based on ASTM G-99-05 standard. A digital weight indicator (Brand: Dibal, Model: VD-310) integrated directly to the load cell (Brand: Accutec, Model: B6N-50, ± 0.05 kg) was adopted to capture frictional forces up to 3 decimal places at the sliding zone.
For the test, KPafRE composite specimens were subjected against a stainless steel counterface (ASTM B611, 1250HB). Before conducting the test, the counterface was polished with different grades of SiC abrasive paper; that is No.400, 600, 800, 1000. In order to ensure high intimate contact between the counterface and the test composites, the test specimens were polished with abrasive paper grade 800. The sliding surfaces of the test specimens were then cleaned with a soft clean cloth and their initial weights taken using a ± 0.1 mg digital weight indicator (model: Shimadzu AW120), capable of displaying up to 4 decimal places. In the test parameter, adhesive dry sliding test of each specimen was carried out subjected to normal applied loads of 5 N, 10 N, 20 N and 30 N through different sliding distance (0-6.72 km) with a constant sliding speed of 2.83 m/s. Figure 3 shows the average tensile strength for NE and KPafRE composite at different fibre particle weights. It can be seen that all KPafRE composites showed higher tensile strength compared to NE, that is NE has the lowest tensile strength of 6.17 MPa. Improvements in tensile strength was 176% with addition of 5%wt. kenaf particles, to 370% when 15%wt. kenaf particles were added. This shows that the addition of kenaf fibre particle as reinforcement improves the tensile property of epoxy. Also, there is an increasing trend of tensile strength with particle percentage, showing a maximum of 29 MPa with when reinforced with 15%wt. kenaf particles. This trend is seen because higher particle content increases the composite stiffness (Yousif, Lau, & Mcwilliam, 2010; Faruk et al., 2012) . However, upon reaching maximum particle weight percentage, additional percentage of kenaf only reduces the tensile strength due to the insufficient polymer present for good particle wettability as well as an increase in structural porosity component in the composite (Krishnaprasad et. al., 2009; Madsen & Lilholt, 2003) . A similar trend was observed for the modulus of elasticity, as shown in Figure 4 . Figure 5 shows the average flexural strength for NE and KPafRE composite at different particle weight fractions. It can be seen that all KPafRE composites showed higher flexural strength compared to NE, except for 5%wt. kenaf particle, which was nearly same with NE i.e. 46.14 MPa. Improvement achieved by reinforcing epoxy with kenaf particles were in the range of 40% to 80%, with 15%wt. wt. optimal fibre particle loading condition, the flexural strength reduces. Similar trend could be observed from the flexural modulus comparisons, Figure 6 . The improvement in flexural strength with kenaf particles was due to the improved adhesion between matrix and particles as well as the improved capability of particle to support the bending stress, compared to NE (Anbukarasi & Kalaiselvam, 2015) . Figure 7 shows the average impact strength for NE and KPafRE composite at different particle weight fractions. It can be seen that all KPafRE composites showed higher impact strength compared to NE, that is NE showed the lowest impact strength of 0.1 J. Improvement in impact strength was in the range of 270% to 700%, with 15%wt. KPafRE showing the maximum with an impact strength of 0.8 J. This shows that in its pure form, epoxy has poor impact absorption capability. However, the addition of treated kenaf particles improves this up to the optimal fibre particle loading of 15%wt. Figure 8 shows the average compression strength for NE and KPafRE composite at different particle weight fractions. It can be seen that all KPafRE composites showed higher compression strength compared to NE, that is NE has the lowest compression strength of 45.14 MPa. Improvement achieved when reinforcing NE with kenaf particles were in the range from 59% to a maximum of 104% for 15%wt. KPafRE composite. In other words, reinforcing NE with 15%wt. kenaf helped to improve the compression strength by 104%, to 91.88 MPa. At 20% kenaf particles, the compression strength drops slightly to 84.32 MPa, still much higher than NE. This trend shows that adding kenaf particles improves the compressive strength of epoxy. Figure 9 shows the average hardness for NE and KPafRE composite at different particle weight fractions. It can be seen that all KPafRE composites showed higher hardness compared to NE, that is NE has the lowest hardness of 71.1 Shore D. Percentage improvement achieved when reinforcing NE with kenaf particles were in the range from 7 % to a maximum of 18% for 10%wt. KPafRE composite. In other words, reinforcing NE with 10%wt. kenaf particles helped to improve the hardness strength by 18%, to 83.9 Shore D. . Average hardness for NE and KPafRE composite at different fibre particle weight percentages.
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Water absorption test
absorption compared to NE. Also, there is a correlation between %wt. of particles used and water absorption percentage. At 20% wt., the KPafRE composite showed maximum water absorption of 3.51%, compared to NE with only 1.6% absorption. Similar findings were reported in previous work (Anbukarasi & Kalaiselvam, 2015) . This was expected, since natural particles are hydrophilic in nature, it tends to absorb and retain water. However, treatment with NaOH does reduce water uptake, by contracting the particle cellulose walls (Haameem J.A. et al., 2016) . Figure 11 shows the average Ws for both NE and KPafRE composite at different particle weight fractions, under various applied loads, with a sliding velocity of 2.83 m/s (Nirmal, Lau, Hashim, Devadas, & Yuhazri, 2015) . Under all applied loads, KPafRE composites showed lower Ws compared to NE. For example, for 15% particle weight fraction, Ws reduced by 65% for 5 N, 67% for 10 N and 20 N, and 58% for 30 N. This shows that the kenaf particles assisted in reducing wear during sliding. For both NE and KPafRE, it can be seen that as the load increase, the Ws reduces, with 30 N showing the lowest Ws. This was due to the effective forming of the protective layer consisting of wear debris at higher loads, as described earlier. Finally, it is clear to be seen that under all applied loads, 15% weight fraction KPafRE has the lowest Ws, which indicates it is the optimal fibre particle loading condition. Figure 12 shows the average friction coefficient for both NE and KPafRE composite at different particle weight fractions, under various applied loads, with a sliding velocity of 2.83 m/s. It can be seen that generally, friction coefficient increases with applied load. This was due to the increase in surface contact which causes an increase in friction, as described earlier. Also under all tested loads, KPafRE shows lowest friction, with 15%wt. KPafRE showing the lowest. The reduction was 50% (5 N), 56% (10 N), 51% (20 N) and 41% (30 N) respectively compared to NE. This could help explain the low Ws results obtained with 15% wt. KPafRE as described earlier. Figure 13 (a)-(e) shows the SEM images of NE and KPafRE composites after tensile test. It can be seen that in the resinous regions, the failure mechanism appears to be cracking of the epoxy. On the other hand, in the fibrous regions there appears to be minor as well as major delamination of the particles. Figure 13 (e) shows SEM image of 20%wt. KPafRE composites after tensile test. Voids can be seen between the particles, indicating poor wettability of the particles due to insufficient polymer. This observation is in agreement with the tensile test results, as seen in Section 4.1, whereby the optimal fibre particle loading condition was found to be 15%wt. KPafRE composite. Figure 14 (a) -(e) shows the SEM images of NE and KPafRE composites after flexural test. A similar trend is observed, whereby the failure mechanism appears to be cracking in the resinous and micro and macro delamination of the particles. Also, there appears to be slight particle debonding for 20%wt. KPafRE composite, as shown in Figure 14 (e). This observation could help explain the lower flexural strength beyond the 15%wt. optimal fibre particle loading condition as seen in Section 4.1. Figure 15 (a)-(e) shows the SEM images of NE and KPafRE composites after impact test. Once again, the failure mechanism appears to be cracking in the resinous and micro delamination up to the 15%wt. optimal fibre particle loading condition. Beyond this loading, macro delamination is observed, in agreement with the impact test results as seen in Section 4.1. Figure 16 (a)-(e) shows the microscopy images of tribology test specimens after sliding for 6.72 km, subjected to 30 N applied load as reported in a previous work (Nirmal et al., 2015) . It was reported that significant amounts of back transfer film were present in the KPafRE specimens after testing, especially for 15%wt. This is strong indication that the presence of kenaf fibre particles helped to form this protective layer on the composite surface, which helped to reduce wear. 
Tribology testing
Morphology of tested specimens
Statistical analysis
An ANOVA statistical analysis was conducted on the mechanical test results, to determine if the mean between groups of tested composites are "statistically different". This tells that the results reliable and not by chance or sampling error. The following being the hypothesis, where µ 1 , µ 2 and so on are the specific specimen mean, and µ m is any of the specimen means:
Alternative Hypothesis : μ A complete set of the results covering all 6 tests are shown in Table 2 . As can be seen, the p-value for all tests are well below 0.05, which suggest that there is good indication the mean between groups are statistically significant. Hence, we reject the null hypothesis.
However, this analysis alone does not tell if every mean is different from one another in a given test; it only tells that there is at least 1 mean that is different. To look further into the results, a two-sample t-test was performed between for all two group combinations, within each test. An example of the results for the pairing of NE and 5%wt. KPafRE for tensile test using excel is shown in Figure 18 . A summary of p-value results for every possible group pairing for each test is shown in Table 3 .
Overall the p-values for tensile, compression, impact and flexural test are less than 0.05. However, hardness and water absorption tests shows many p-values much higher (highlighted in red). This could be due to the method of testing itself, which are more manual than the others and requires consistency on the part of the person performing the tests. For example, in the case of water absorption test, specimens had to be wiped before being placed on the weighing scale. Hence there is a chance for unequal wiping of specimens for example which could lead to errors. The overlapping error bars in Figure 10 further corroborates the results seen here. Table 4 shows tensile, compression and flexural property comparison between the KPafRE composite and some recently published works. Comparing tensile strength, 15%wt. KPafRE composite has higher strength than NE or NP, and almost as strong as kenaf fibre mat reinforced composite, and stronger than short fibre kenaf. The tensile strength is also comparable to composites reinforced with other natural fibres like jute, coir, sisal and sugarcane fibres. For the flexural strength, 15%wt. KPafRE composite showed better results than NE and NP, and much better than previous works done on kenaf fibre, as well as other natural fibres like coir, sisal, jowar, napier grass, and bamboo. The flexural strength of 15%wt. KPafRE was even higher than glass fibre reinforced polymer. 15% wt. KPafRE composite also showed better compressive strength than sugarcane fibre reinforced polyester. Table 5 shows the impact energy and hardness property comparison between KPafRE composite and previously reported works done on other natural and synthetic fibres. It can be seen that 15%wt. KPafRE composite has higher impact strength than NE and jute reinforced composite. In terms of hardness, 15%wt. KPafRE is only slightly lower than date palm, graphite and coconut reinforced epoxy composites. Table 6 shows the water absorption percentage of KPafRE composite and previously reported works done on other natural fibres. It can be seen that 15%wt. KPafRE absorbs more water than luffa fibre, but lesser than short napier grass composite. Table 7 compiles the tribology results of some of the recent published works done on natural and synthetic fibre composites. From the table, it can be seen that reinforcing epoxy resin with kenaf particles makes this composite as good, if not better than the other composites. By comparing to NE and NP for example, 15%wt. KPafRE composite shows much better wear performance. This is also the case when comparing with bamboo and oil palm based composite, and close to wear performance of betelnut fibre composite as well.
Discussions
Conclusion
After performing all testing and evaluations, the following conclusions can be made.
(a) There was a significant improvement in mechanical properties when neat epoxy was reinforced with kenaf fibre particles. This was due to the particles which acts as load carrying members, not only helping to stiffen the composite, but improve bending, flexibility and overall load distribution.
(b) There was a significant improvement in Ws and friction coefficient when neat epoxy was reinforced with kenaf particles. The addition of these particles helped improve Ws and friction coefficient of neat epoxy by an average of 64% and 50% respectively.
(c) It was observed that in this case, the critical fibre loading condition was found to be 15% wt. KPafRE. Below this critical fibre loading of 15%wt., the KPafRE has too few particles to 3 Short Napier Grass/Polyester (Treated 10% NaOH, short) 4 (Haameem J.A. et al., 2016) provide strength and stiffness to epoxy, whereas above it results in a more brittle and unstable KPafRE composite due to the insufficient polymer present for good particle wettability as well as an increase in structural porosity component in the composite.
(d) Predominant failure mechanism for mechanical testing appeared to be cracking in resinous region, and delamination of kenaf fibre particles, whereas in the wear tests, it was back film transfer where it assisted in protecting the composite surface from further wear during the sliding process.
(e) Statistical analysis showed that the mean between specimens in the mechanical test results were significant, except for both hardness and water absorption tests whereby human errors could have caused the readings to overlap by high margins.
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